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Introduction

The occurrence of chronic wounds is an important issue 
for the health sector, as their incidence has been increasing 
[1–3]. Such injuries present an interrupted healing process, 
remaining unhealed for, in general, a period of three months 
or more [4]. Therefore, they will require longer hospital-
ization time and financial resources for their treatment, and 
may also compromise the recovery of patients. Such injuries 
require longer hospitalizations and financial resources for 
their treatment and may compromise patients’ recovery. Old 
age and the presence of comorbidities such as diabetes mel-
litus, systemic arterial hypertension and obesity are some 
factors that are associated with difficulty in healing [5, 6].

Cellular injuries caused by physical trauma, oxygen 
deprivation, chemical and infectious agents are events that 
trigger inflammation and the repair process, which cul-
minate in an attempt to restore the tissue’s structure and 
function. Aggressions of any nature may determine the 
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Abstract
Adipocyte infiltration consists of a temporary increase in the number of adipocytes in the microenvironment of tissue 
injury. There is already evidence in the literature of adipocytes’ participation in promoting the inflammatory response, 
and parallelly laser photobiomodulation can benefit the tissue repair process. This study aimed to chronologically analyze 
adipocytic infiltration in the repair of photobiomodulated skin wounds experimentally induced in rats through histomor-
phometric analysis. The sample consisted of 20 rats divided into 2 groups: control group and group subjected to laser pho-
tobiomodulation. The skin portions of the back of rats were processed and stained with Hematoxylin-Eosin in 4 μm thick 
sections including the surgical wound 5 and 10 days after the proposed treatments. Qualitative and quantitative analyses 
were performed by capturing images of tissue sections, describing the organizational pattern of adipocytes around the sur-
gical wound and counting individual adipocytes in the connective tissue in formation. Adipocytic infiltration was observed 
in both experimental groups on the 5th day, with a decrease on the 10th day. The group treated with photobiomodulation 
presented a greater number of adipocytes compared to the control group, in both periods analyzed. The findings of the 
present study seem to corroborate the literature, which indicates that adipose cells might stimulate inflammation and repair, 
and photobiomodulation can enhance these effects, since it aids the process of adipocytic infiltration in the injured area. 
Clinical trial number: Not applicable.
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occurrence of a series of reactions in the body, which aim 
at the morphofunctional repair of the affected tissue. The 
hemostasis process, which takes place immediately after 
injury, limits blood loss and promotes platelet activation, 
followed by the inflammatory response with the recruitment 
of cells that phagocytose pathogens and release a series of 
chemical mediators, such as cytokines, prostaglandins and 
reactive oxygen species. In the proliferative phase of tissue 
repair, successive mitoses can be observed involving kera-
tinocytes, adipocytes, endothelial cells and fibroblasts, as 
well as parenchymal cells originally present in the tissue. 
There is also a rise in the biosynthesis of structural com-
ponents of the extracellular matrix. Finally, synthesis and 
degradation of the new extracellular matrix deposited at the 
site of injury takes place simultaneously in the repair phase 
known as remodeling [7, 8].

A growing number of studies have investigated a phe-
nomenon known as adipocytic infiltration that occurs in 
the microenvironment of tissue injury. This is a temporary 
increase in adipocytes in the connective tissue correspond-
ing to the area of injury, which precedes the granulation 
tissue and extends until the end of the proliferative phase. 
There is already evidence in the literature of the adipo-
cytes participating in promoting the inflammatory response, 
both in vitro and in vivo [9–11]. It is known that adipose 
cells, besides storing nutrients to provide energy in times 
of metabolic need, also have an endocrine function which 
consists in releasing cytokines and growth factors, and thus, 
can directly influence the activity of immune system cells. 
Regarding dermal adipocytes, their ability to regulate local 
inflammation and their prominent role in recruiting macro-
phages to the injured area have also been analyzed. These 
macrophages are able of detecting injury patterns through 
Toll-like receptors (TLRs), which activate pro-inflamma-
tory nuclear factor kappa B pathway and stimulate the bio-
synthesis of several chemokines, such as CCL3, CXCL10, 
intercellular adhesion molecule 1, and the cytokines IL-6, 
IL-8, and TNF-α, which promote inflammation [8]. These 
chemical mediators can stimulate additional migration of 
adipocytes from the hypodermis and the transdifferentiation 
of adult stem cells present in the dermis.

In the study by Schmidt & Horsley [12], the authors 
analyzed the adipocytes activation during the healing of 
cutaneous wounds and reported that the percentage of their 
precursors increased in the injured region compared to unin-
jured skin, after 5 and 7 days. It was also analyzed that the 
inhibition of adipocyte transdifferentiation during the repair 
process also consequently inhibited the recruitment of 
fibroblasts to the site of the injury. This finding justified the 
occurrence of defective remodeling that can compromise 
the integrity of the scar, specifically during late healing. 
In addition, the study data showed that proliferative phase 

of the repair involved repopulation of adipose cells in the 
extension of the tissue which suffered the injury, through 
migration and adipogenesis. The authors suggest that the 
activation of pre-adipocytes may concomitantly occur with 
the infiltration of immune system cells into the wound bed.

The properties of adipose tissue have been increasingly 
studied as measures to be applied in clinical practices. Stem 
cells derived from adipose tissue were isolated in 2001 by 
Zuk, Zhu and Mizuno [13], and their potential for differ-
entiation into osteoblasts, chondroblasts, adipocytes, vas-
cular endothelial cells and myocytes was described. Tissue 
engineering studies have demonstrated that such cells have 
shown promise for regenerative therapy due to their easi-
ness of collection, their availability in the human body and 
the feasibility of their in vitro culture [14].

The literature has shown that low-level laser therapy, 
also known as laser photobiomodulation, can benefit the 
healing process. The authors have previously investigated 
the influence of photobiomodulation on tissue repair in rats 
and demonstrated that the group submitted to treatment pre-
sented a reduction in the wound area and exudation in the 
initial phase, a better organization of collagen fibers during 
remodeling and a series of morphological changes favor-
able to repair, even though the healing time was not reduced 
in relation to the control group [15]. They also observed 
the presence of adipocytic infiltration on the wounds’ bed, 
although this finding was not described in the study. This 
morphological finding awakened their attention about the 
initial hypothesis whether photobiomodulation could inter-
fere in the amount of these cells.

Since laser photobiomodulation has been widely used 
as an adjuvant therapy for the management of wounds with 
difficult healing, such as oral mucositis, pressure ulcers, 
venous ulcers and infection, among other clinical condi-
tions [16–19], it would be important to investigate whether 
the process of adipocytic infiltration could be influenced by 
photobiomodulation. And also, if the use of laser would be 
able to contribute to increasing the presence of adipocytes in 
the wound bed. In order to answer this question, the authors 
carried out the present morphological histomorphometric 
study.

Materials and methods

Study design

Prospective and experimental study, registered under proto-
col number 67/2019 and approved by the Ethics Committee 
on the Use of Animals (CEUA) of the Faculdade Adven-
tista da Bahia (FADBA), with approval report number 
01.0039.2013.
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Study samples

The protocol of this research has already been published in 
the literature [20]. The sample included 20 male Wistar rats 
weighing between 200 and 300 g, with an average age of 
8 weeks, corresponding to young adult animals, from the 
vivarium of Faculdade Adventista da Bahia. by drawing 
lots, rats were randomly divided into 2 groups of 10 rats 
each, which were killed 5 and 10 days after the proposed 
treatments. Group 1 corresponded to the Control Group 
(CG) and did not receive any treatment, except contact with 
the active tip of the switched-off laser; Group 2, named the 
Laser Group (LG) was submitted to conventional laser pho-
tobiomodulation by contact, with light emission.

Surgical procedures

The animals were weighed and anesthetized with 10% ket-
amine hydrochloride (Dopalen®, São Paulo, Brazil) 75 mg/
mL and 2% xylazine hydrochloride (Anazedan, São Paulo, 
Brazil) 5 mg/mL, at doses of 2 mg/kg and 3 mg/kg, respec-
tively. The dorsal trichotomy and antisepsis with povidone-
iodine (Rioquímica, São Paulo, Brazil) were then performed.

A circular incision was made in the dorsal region using 
a circular metal punch scalpel (Biopsy Punch, Stiefel, Ger-
many) with a diameter of 6 mm to obtain a uniform and stan-
dardized wound, which was performed by a single, properly 
calibrated operator according to the model described by 
Medrado et al., in 2010 [21], (Figs. 1 and 2).

The animals were immobilized during the laser applica-
tion by two researchers properly trained for this purpose, 
who held the cranial and caudal portions, respectively, with 
the aid of a soft tissue. The skin wounds of the rats in the LG 
were submitted to 4 punctual applications of 1 J/cm², during 
32 s, with a total dosimetry of 4 J/cm² per day of application 
(Fig. 3). A semiconductor aluminum gallium arsenide laser 
device (AsAlGa, 9 mW, 670 nm, 0.031 W/cm2 diode laser) 
was used, with continuous emission and an active tip area 
of ​​0.28 cm² (Laser VR-KC-610-Dentoflex, Brazil). Regard-
ing dosimetry, photobiomodulation was applied at 4 points 
corresponding to the diametrical vertices of the circular 
wound. The dose used at each point was 1 J/cm2. Thus, the 
animals received a total of 4 J/cm2 each day, for 3 days, with 
a total dose of 12 J/cm2 since the rats were irradiated for 3 
consecutive days after the surgical procedure. The animals 
underwent the biomodulatory therapy described on days 1, 
2 and 3 of the study. The CG underwent the same procedure 
with the device turned off.

Fig. 3  Application of laser photobiomodulation. 
Source: Authors

 

Fig. 2  Clinical aspect of the circular wound. 
Source: Authors

 

Fig. 1  Circular incision made in the dorsal region using a circular 
metal punch scalpel. 
Source: Authors
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for analysis of all cases (100 µm2) was established, which 
comprised the central region of the wound with the adjacent 
normal tissue as lateral limits. Three standard images, which 
approached the two edges of the lesion (right and left) and 
the center corresponding to each case, were captured with 
the pre-established dimension and used for both qualitative 
and quantitative analysis of individual adipocytes. Thus, it 
was possible to map the entire wound region and to iden-
tify the transition between the intact skin and the wound, 
in order to verify from which region, the adipocytes could 
have migrated. Each area was captured at 400x magnifica-
tion and saved in JPEG format. All analyses were performed 
and documented by a single calibrated and highly experi-
enced examiner.

Statistical analysis

The data were analyzed using R software (version 4.3.2). 
Descriptive statistics were performed, establishing means, 
standard deviations, medians and their respective interquar-
tile ranges, according to the two independent intervention 
groups. Based on the characteristics of the sample size 
and the variables chosen for analysis, non-parametric tests 
ANOVA, Student’s t-test and Fisher’s exact test were used 
to identify the general and specific characteristics of the 
data. Fischer’s exact test was used to verify a significant 
association between variables. The significance level estab-
lished for this study is 5%.

Results

At 5 days, in the sections stained with hematoxylin-eosin, 
it was noticed in both experimental groups adipocytic 
infiltration, represented by rounded cells with vacuolated 
cytoplasm and eccentric nuclei which were distributed in 
islands and sheets in the dermis corresponding to the site 
of the lesion (Figs.  4 and 5). These cells with adipocytic 
phenotype were infiltrating the area corresponding to the 
granulation tissue. In this proliferative phase of the repair, 
it was possible to observe the advanced formation of the 
typical granulation tissue, consisting of numerous newly 
formed blood vessels and intense fibroblast proliferation 
with sparsely distributed monomorphonuclear inflamma-
tory cells. On the 10th day, both groups exhibited increasing 
fibroplasia in the lesion area, represented by dense collagen 
bundles, with a clear decrease in the population of cells with 
adipocyte phenotype (p > 0,05) (Figs. 6 and 7).

In the CG, a median of 114 adipocytes was observed 
on the 5th day of the postoperative period and 55 on the 
10th day, with an evident decrease in these cells amount 
(p > 0,05); (Table 1). In the experimental group submitted to 

Death of animals

Each group of 10 animals had half of the specimens sac-
rificed on the 5th day and the other half on the 10th day. 
After deep sedation with the anesthetic solution already 
described, animals were placed in boxes in which carbon 
dioxide was released at a concentration of 5 L per minute.

Histological processing

After confirmation of rats’ death, a portion of skin was 
removed from the back, including the surgical wound. The 
material was fixed for a period of 48 h in a buffered 10% for-
malin solution. After, this tissue was processed for staining 
with Hematoxylin-Eosin in 4 μm thick sections.

Histomorphometry

The histomorphometric evaluation was performed accord-
ing to the study protocol published by Lima et al. [20]. The 
images of the tissue sections subjected to the described 
staining were captured using the Motic Images Advanced 
3.0 ® software (Motic China Group CO. LTD) at the Oral 
Biochemistry Laboratory of the Institute of Health Sci-
ences of the Federal University of Bahia. A standard area 

Fig. 4  Adipocyte infiltration represented by numerous vacuolated cells 
amidst the granulation tissue of the lesion’s derm on the 5th day in the 
CG. In this figure, it is possible to identify the wound crust (asterisk), 
the granulation tissue (smaller arrow) and the infiltration of cells with 
adipocytic phenotype (larger arrow). Hematoxylin-eosin, 400X. 
Source: Authors
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laser photobiomodulation, the median number of adipocytes 
corresponding to the 5th day was 170 with a decrease on the 
10th day, and the median value was 95 cells in the evaluated 
area (p > 0,05) (Table 1).

In the intergroup analysis, the LG showed a higher num-
ber of cells with an adipocytic phenotype in relation to the 
CG, both on the 5th and 10th days of the histomorphomet-
ric analysis from the skin sections, and such difference was 
statistically significant (p = 0,03; p = 0,04, respectively); 
(Table 2).

Discussion

The present investigation aimed to comparatively evaluate 
the process of adipocytic infiltration in the bed of experi-
mentally induced skin wounds in rats through histomorpho-
metric analysis. One of the experimental groups was treated 
with laser photobiomodulation. Experimental studies have 

Table 1  Medians and interquartile ranges of adipocyte counts as a 
function of experimental group and time, intragroup analysis, Hema-
toxylin-eosin, 400X
Group 5 days 10 days p-value*
CG 114 (63,5–132,5) 55 (24–65,5) 0,14
LG 170 (74–300,5) 95 (79,5–191,5) 0,11
* Fischer test. CG represents control group e LG laser group. Source: 
Own authorship

Fig. 7  Adipocyte infiltration represented by numerous vacuolated cells 
in the extracellular matrix of the lesion on the 10th day, in the LG. In 
this figure, it is possible to recognize skin appendages (asterisk), area 
of ​​fibroplasia (smaller arrow) and infiltration of cells with adipocytic 
phenotype (larger arrow) in the dermis. Hematoxylin-eosin, 400X. 
Source: Authors

 

Fig. 6  Adipocyte infiltration represented by numerous vacuolated cells 
in the extracellular matrix of the lesion on the 10th day, in the CG. In 
this figure, it is possible to observe fibroplasia of the dermis (smaller 
arrow) and the infiltration of cells with adipocytic phenotype (larger 
arrow) on one of the lateral edges of the lesion. Hematoxylin-eosin, 
400X. 
Source: Authors

 

Fig. 5  Adipocyte infiltration represented by numerous vacuolated cells 
amidst the granulation tissue of the lesion’s derm on the 5th day in the 
LG. In this figure, it is possible to visualize crust with evident reepi-
thelialization below (asterisk), granulation tissue (smaller arrow) and 
infiltration of cells with adipocytic phenotype (larger arrow) in the der-
mis. Hematoxylin-eosin, 400X. 
Source: Authors
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that adipose tissue cells also secrete cytokines, growth fac-
tors and pro-inflammatory factors, called adipokines, which 
influence other different metabolic processes including 
inflammation and repair [28]. Thus, adipose tissue may even 
be placed side by side with traditional endocrine organs 
such as the pancreas, ovaries, testicles and adrenal gland, 
since it is important for general metabolic homeostasis [9]. 
In the present study, adipocytic infiltration was observed on 
both the 5th and 10th day of analysis, in both experimental 
groups. During these periods, proliferative processes begin 
to predominate in the microenvironment of the lesion and 
the presence of adipocytes in the dermis seems to indicate a 
temporary participation of these cells in tissue repair.

It has been reported in the literature that the action of 
adipocytes on healing takes place through the modulation 
of macrophages and fibroblasts recruitment, in addition to 
stimulating the biosynthesis of inflammatory mediators. 
Human omental adipocytes express the chemokines CCL2 
and CXCL8, while subcutaneous adipocytes produce adipo-
nectin which mobilizes the anti-inflammatory polarization 
of macrophages, CCL3, CCL5, CXCL1, CXCL5 and leptin 
that stimulates pro-inflammatory responses in macrophages 
and neutrophils [10]. Through Toll-like receptors, adipo-
cytes might detect and respond to inflammatory stimuli, 
such as lipopolysaccharides, through the pro-inflammatory 
nuclear factor kappa B (NF-κB) pathway, which results 
in the production of CCL3, CXCL10, intercellular adhe-
sion molecule 1 (ICAM1), IL-6, IL-8/CXCL8, and TNF-α. 
Adipocytes also respond to TNFα and IL1 ligands and are 
involved in neutrophils and macrophages recruitment [8].

It is important to emphasize that there are established dif-
ferences between subcutaneous adipose tissue and dermal 
white adipose tissue (DWAT), which in rodents and humans 
is found as a superficial layer above the subcutaneous adi-
pose tissue, also known as hypodermis [29]. Driskell et al. 
[30] proposed this denomination after observing that the 
origin of this adipose deposit below the reticular dermis is 
independent of the origin of the subcutaneous adipose tis-
sue, and many authors still referred to both as if they were 
the same. DWAT, in addition to having its stores of triglyc-
erides enriched with lipids capable of regulating inflamma-
tion, expresses CCl4 and secretes antimicrobial peptides, 
reinforcing its role in host defense [8]. Zhang et al. [31] also 
investigated DWAT and reported that it demonstrates high 
plasticity and stands out among other fat deposits due to 
its great capacity to expand, in number and size, and con-
tract in response to various stimuli such as different phases 
of the hair follicle cycle, high-fat diets and local infections. 
The mechanisms of these cells in wound healing and host 
defense continue to be studied, since their biological task 
has not yet been fully understood.

investigated the effects of low-intensity laser application on 
ulcer healing in recent decades, showing it to be a promising 
therapy both in vitro and in vivo [15, 22–24]. It is known 
that the therapeutic administration of light energy can mod-
ulate cellular activity in a living biological system, since 
the light is absorbed by molecular photoreceptors, and can 
influence cellular functions including the process of tissue 
regeneration [25]. However, although adipocytic infiltration 
has been descriptively documented, up to date this study is 
the first to evaluate the number of cells with an adipocytic 
phenotype in the proliferative phase of tissue repair of pho-
tobiomodulated wounds in vivo.

In mammals, there are two types of adipose tissue that 
can be histologically differentiated and have antagonistic 
functions, the white adipose tissue (WAT) and the brown 
adipose tissue (BAT). Adipocytes constitute adipose tissue 
along with other cell types and are the only cells that have 
the ability to store lipids without compromising their func-
tional integrity. They are able to synthesize fatty acids, store 
excess calories in the form of triacylglycerol and break them 
down, via lipolysis, into free fatty acids and glycerol, when 
there is an energy need [26].

Brown adipocytes found in greater quantity in human 
adipose tissue in the early phase of life, are cells special-
ized in thermogenesis through lipid oxidation, actively par-
ticipating in body temperature regulation. Its morphology 
is characterized by multiple lipid vacuoles in its cytoplasm, 
an increased number of mitochondria and expression of 
uncoupling protein 1 (UCP-1), which acts as a proton chan-
nel in the inner mitochondrial membrane, diverting these 
protons from ATP synthesis and allowing potential energy 
to be dissipated in the form of heat. On the other hand, the 
adipocytes that make up the WAT are large cells that change 
in size depending on the number of triglycerides they store 
in a unilocular lipid vacuole, which can occupy 85 to 95% 
of its cytoplasm. WAT is the predominant type of adipose 
tissue in adults, and although it is mainly concentrated in 
the subcutaneous region and visceral organs, it is distrib-
uted in a generalized manner throughout the body. Among 
its functions, in addition to energy storage, it is possible to 
highlight mechanical protection against shocks and traumas 
and maintenance of body temperature [9, 27].

In addition to producing factors that operate the body’s 
energy balance and thermoregulation, it has been shown 

Table 2  Medians and interquartile ranges of adipocyte counts as a 
function of experimental group and time, intergroup analysis, Hema-
toxylin-eosin, 400X
Time CG LG p-value*
5 days 114 (63,5–132,5) 170 (74–300,5) 0,03
10 days 55 (24–65,5) 95 (79,5–191,5) 0,04
* Fischer test. CG represents control group e LG laser group. Source: 
Own authorship
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activity. According to these findings from our previous 
study, the authors believe that the cellular debris released as 
a result of the initial inflammatory reaction could be endo-
cytosed by fibroblasts and/or myofibroblasts present in the 
wound area.

It has also been described that adipocytes also play an 
important role in the fibrosis process. Stem cells derived 
from adipose tissue have a regenerative and antifibrotic 
effect, since they are capable of inhibiting TGF-β1, one of 
the main molecules involved in the synthesis of ECM, alter-
ing the balance between its production and degradation and 
thus facilitating the decomposition of fibrotic tissue [35]. In 
addition to fibroblasts, in the wound contraction phase other 
cell types such as epithelial and endothelial cells, macro-
phages and adipose cells can transition to myofibroblasts in 
the skin. Cells expressing adiponectin achieve expression 
of α-actin 2 (ACTA2) and lose the adipogenic gene, which 
demonstrate the transdifferentiation of adipocytes into myo-
fibroblasts [33]. In previous studies by our research group, 
phenotypic differentiation of adipocytes in photobiomodu-
lated skin wounds was frequently observed in histologi-
cal sections, although it was never the exclusive object of 
analysis [36, 37]. Therefore, the present study confirmed 
these findings and focused on performing histomorphomet-
ric analysis that allowed counting the number of cells with 
adipocyte phenotype in the injured dermis. When control 
and photobiomodulated groups were compared at different 
periods of skin repair, photobiomodulation was able to sig-
nificantly stimulate adipocyte infiltration in the injured area.

Although it was not the matter of this study, the authors 
hypothesized that such findings could be related to the 
laser’s ability to promote lipolysis of adipocytes present in 
the hypodermis, whose main products are palmitoleic acid, 
oleic acid, α-linoleic acid, and medium-chain fatty acids. It 
is possible that such lipolysis process in the dermis is related 
to the recruitment of fibroblasts and/or monocytes and their 
differentiation into adipocytes, since they express multiple 
receptors and fatty acid transporters during the chronic 
inflammatory phase. And might indirectly promote stimuli 
for additional fibroblast proliferation, cellular transdifferen-
tiation, and faster healing resolution [38].

In this sense, Pourhashemi et al. [39] evaluated the 
effects of photobiomodulation and injection of stem cells 
derived from human adipose tissue on the inflammatory 
and proliferative phases of infected, ischemic and impaired 
healing wounds in rats with type 1 diabetes mellitus. Laser 
and stem cells administration together demonstrated bet-
ter results than both therapies alone, in relation to wound 
strength, reduction of colony-forming units, reduction of 
the inflammatory reaction and rise in proliferative activity, 
expressed by a higher fibroblast count and formation of new 
blood vessels, when compared to the control group.

Regarding the proliferative phase of tissue repair, the 
study by Schmidt & Horsley [12] demonstrated the repopu-
lation of adipose cells in the extension of the injured tis-
sue, through the analysis of migration and inhibition of 
adipogenesis with peroxisome proliferator receptor gamma 
(PPARγ) inhibitors. It has been suggested that preadipocyte 
activation may concomitantly occur with the infiltration of 
immune system cells into the wound bed. Furthermore, by 
observing the reduction in the number of fibroblasts in mice 
with inhibited adipogenesis, it was possible to state that adi-
pocytes contribute to the recruitment of these cells into skin 
wounds and that there is direct intercellular communica-
tion between both. Like platelets, mature adipocytes, pro-
duce platelet-derived growth factor (PDGF) ligands in the 
skin, which among its functions, acts as a chemotactic agent 
for neutrophils, macrophages and fibroblasts, contributing 
to their migration during dermal healing of skin wounds. 
Furthermore, the authors identified that dermal defects that 
occur in the absence of adipocytes led to defects in dermal 
remodeling which compromised the integrity of closed 
wounds, resulting in significantly larger wound bed areas 
and recurrence.

The adipocytic infiltration in the repair phase corre-
sponding to granulation tissue suggests that this cellular 
modulation results from the phenotype changing of adult 
mesenchymal stem cells or fibroblasts differentiated into 
adipocytes and may be very relevant for the proliferative 
and remodeling phase of repair [32, 33]. In the present 
study it was observed that in sections of normal rat skin, fat 
cells are usually organized in the adipose tissue represented 
by the hypodermis, but not in the wound area. Regarding 
inflammatory phase, adipocytic infiltration was not pres-
ent, due to the accumulation of exudate in the interstitium. 
During remodeling phase, the increasing concentration of 
collagen in the wound area did not demonstrate the pres-
ence of adipocytes too. However, in the proliferative phase 
of healing, it was possible to see elongated cells with fat 
cytoplasmic inclusions that also exhibited an increase in the 
rough endoplasmic reticulum. It seemed to be a temporary 
change in phenotype.

We do not know whether this phenotypic modulation 
may come from gene reprogramming of fibroblasts, peri-
cytes, mesenchymal stem cells or even macrophages. All 
these cells can transitionally change their phenotype; how-
ever, it is not clear the function of this cellular modulation. 
As a matter of fact, in a previous study of Medrado et al. 
[34], these authors used the same experimental model and 
the ultrastructural examinations showed the presence of 
elongated cells with fat cytoplasmic inclusions, which were 
identified as fibroblasts. These cells present in the extracel-
lular matrix exhibited an increase in the rough endoplasmic 
reticulum, which indicated their intense protein synthesis 
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The secretome of these cells can also play vital roles in 
efficient healing, such as altering the phenotype of macro-
phages during the inflammatory phase, promoting angio-
genesis, increasing cell migration and differentiation of 
endothelial cells for the formation of new vessels, facili-
tating granulation tissue and extracellular matrix produc-
tion [40]. Photobiomodulation can enhance these effects 
by stimulating adipocytic infiltration in the injured area by 
increasing the expression of angiogenic factors, viability 
and migration of these cells [41].

The main limitation of this study is to be focused on the 
analysis of a single variable: adipocytic infiltration. Hema-
toxylin-Eosin staining might not effectively differentiate fat 
cells from various sources, but it allowed the description of 
tissue morphology that was infiltrated by adipocytes. Also, 
the results presented by this study do not allow us to iden-
tify the possible origin of adipocytic infiltration. However, 
it represents a starting point for future studies correlating 
other variables, such as the number of fibroblasts and myo-
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sis. In the same way, these results may support studies that 
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infected by microorganisms or hypoxic.

Conclusion

In the proliferative phase of skin tissue repair, a higher 
number of adipocytes was observed on the 5th day, with 
a decrease on the 10th day postoperatively, in the area cor-
responding to the granulation tissue. In the experimental 
group subjected to laser photobiomodulation, the number of 
adipocytes was significantly higher which seems to indicate 
a greater mobilization of adipose cells that will act as physi-
ological pool to support skin regeneration and repair. For 
future studies, the authors encourage the development of 
new investigations that include immunohistochemistry and/
or molecular biology techniques to determine the possible 
origin of the adipocytic infiltration.
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